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A PHOTOELECTRON MODEL FOR THE RAPID COMPUTATION OF

ATMOSPHERIC EXCITATION RATES

I. INTRODUCTION

Recently, experiments flown on rockets and satellites have delivered

high quality far and extreme ultraviolet spectra of the ionospheric dayglow

(Gentieu et al., 1979; Meier et al., 1980; Anderson et al., 1980a, b;

Huffman et al., 1980; Feldman et al., 1981; Gentieu et al., 1981). Since

many of the spectral features between 500 and 2000 A are produced by

photoelectron impact excitation, dissociation, and ionization, there is a

need for a model which can rapidly provide the steady state photoelectron

energy spectrum to be used for the computation of excitation rates. While

a number of photoelectron models are already in existence, they are not

typically suited to computation of excitation rates under a variety of

atmospheric and solar conditions because of long computer times.

The model we have developed ignores photoelectron transport (a valid

approximation up to at least 300 km). The code allows selection of any one

of the five solar spectra given by Torr et al. (1979), an atmospheric

model from Jacchia (1971 or 1977), and the solar zenith angle. The output

is the photoelectron flux vs. energy and excitation rates for 26 states of

N2, 13 states of 02, and 7 states of 0, including selected other rates

for N, N+, and 0+, all as functions of altitude from 100 - 450 km. The

total computation time for a complete altitude profile on the NRL Texas

Instrument ASC is about 7 sec.

II. DESCRIPTION OF THE PHOTOELECTRON CODE

The photoelectron code solves for the steady-state photoelectron flux

and associated excitation and ionization rates in the local approximation;

that is, transport is ignored. Insignificant error in altitude profiles of

emission rates occurs as a result of this approximation. This is due to

the softness of the photoelectron spectrum, which leads to mostly local

energy deposition of electrons.

The code (commonly referred to as PEGFAC as an acronym for photo-

electron &-factors) is actually a set of three codes. Figure 1 shows their

functions in terms of input and output information. We label the codes by

the following names:

1) SOURCE

2) MATRIX
3) FLUX

Manuacript approved November 17, 1982.



The calculation begins with code SOURCE. The code sets up a model atmosphere

(Jacchia, 1971 or 1977) which is used to attenuate the selected solar flux

and specify the photoelectron source spectrum. The source spectrum is

obtained from several hundred km down to about 100 km. At each point on

the chosen altitude grid, integrations over energy, hv, are performed.

Each integrand is the product of the attenuated solar spectrum, a partial

photoionization cross section, and density of the ionizing species. The

numbers of ion states considered for N2 , 02, and 0 are 5, 10, and 5,

respectively.

For a given run, SOURCE uses one of five available solar spectra.

These come from Torr et al. (1979) and are used to represent the spectrum

under various solar activity conditions. At short wavelengths (below 200 A),

their band averaged flux values have been replaced by a set of fluxes for

lines spanning the wavelength range 7.5 A to 190 A (Donnelly and Pope, 1973).

A scaling factor allows for an overall magnitude change in this set of

values from run to run.

The outputs from code SOURCE are S(z,E), the photoelectron source

spectrum, the model atmosphere (n(N2 ), n(0 2 ), n(O), and T vs. altitude z),

and the energy grid needed to specify S as well as flux *.

Code MATRIX provides the energy loss matrix needed to solve for the

photoelectron flux. The starting integral equation is

-~n (z a (E~(zE.+Z -(Z Emax

0 = -En W) aZ(E) (z,E) +Zzn,(z1kJE a.k(E',E) (z,E')dE'

(1)
+n -1 [L(E) (z,E)] + S(z,E)+ p [L p

with terms defined as follows:

photoelectron flux in electrons cm-2s-lev
- I

S source spectrum in electrons cm- 3 s-leV-1

n£ density of ith neutral species (N2 , 02, and 0 treated)

aZ total inelastic cross section of ith species involved

a k inelastic cross section for the kth process of the Rth species

in cm2 /eV

n p plasma density

Lp loss function for energy loss to the plasma.



Equation (1) is replaced by a matrix equation expressed in the form

0 = n2 ~ R V W + n --- [L(E)(z,E] + S (z) (2)

ii J p pJ 1 i~

The matrix R is generated in code MATRIX for each species. The technique

for approximating the integral in equation (1) is the same used by

Strickland et al. (1976) for the energy dependence of their more general

equation.

Code FLUX solves equation (2) for flux *(z,E) and subsequently

obtains associated excitation rates and g-factors. The excitation rate,

designated by Ptk(Z) is

P 2k W)= nz Z (Z k(E)(z,E)dE (3)

',k

where W~k is an excitation threshold and index k refers to either an

excitation or ionization process. Three sets of rates are determined for

impact on N2 , 02, and 0. The g-factor, or rate of excitation (atom-is-l

designated by gkk(z) is

g -(z) fmax Zk( ) (z,E)dE (4)

W Zk

Four sets of g-factors are determined, with the first three corresponding

to the sets of production rates. The fourth set allows for excitations

not involving impact on N2 , 02, and 0. Several processes are presently

included in this set involving impact excitation of NI and 011.

III. CODE VALIDATION

In this section, we discuss the validation of the code and applied

data set. This has been done by applying an energy conservation test and

comparing the photoelectron flux with other calculated values and with

measured results. The applied test determines how well the following

equality holds:

Emax fEmax

kWkPik + npJLp(E)(zE)dE nj S(z,E)EdE (5)
Emin Emin

3



The conservation principle states that the rate of energy transfer to the

ion and excited states and to the plasma equals the rate of energy going

into the photoelectron source spectrun. We find that equation (5) is

satisfied in our calculations to better than 15% over the altitude range of

interest.

The energy conservation test is useful for determining the accuracy of

the representation of equation (1) by equation (2) and accuracy of the

numerical procedures within the code. Once it is established that the

computational model is working, comparisons of the results with

independent values are useful for testing the input data which include the

model atmosphere, photon and electron impact cross sections, and the solar

spectrum. We have compared our photoelectron flux spectrum with data by

Lee et al., (1980), a calculated spectrum provided by E. Oran (see Oran and

Strickland, 1978), and a photoelectron spectrum computed by Knut Stamnes

(1982, private communication).

The Lee et al. data we compare with were obtained under quiet

solar conditions at a solar zenith angle of 10' and an altitude of 190 km.

Figure 2 shows our first comparison over an energy range from a few eV to

75 eV. For the calculations, the Torr et al. solar spectrum labeled with

an F10.7 value of 71 was used which corresponds to low solar activity. If

we use one of the higher activity spectra the agreement is not as good.

This is seen in Figure 3 where the spectrum labeled with an F10.7 value of

206 has been used. Based on these comparisons, the applied low activity

spectrum appears to adequately represent conditions at the time of the

observation.

The results calculated by Oran were obtained for moderate solar

activity at a solar zenith angle of 560. Figure 4 shows the comparisons

at altitudes of 210 and 150 km. Oran's results include the effect of

transport and are based on the solar spectrum reported by Donnelly and Pope

(1973). We have used the high activity solar spectrum cited above

which corresponds to F10.7 - 206.

The comparison with the photoelectron calculation of Knut Starnes

corresponds to an overhead sun, solar 10.7 cm flux of 68, and an exospheric

temperature of 1000 K. Again, the agreement is quite good. However, it is

not shown because the atmospheric model used by Startnes was considerably

different than that used in the present examples.

4



To summarize, our initial code validation effort suggests we may now

proceed to meaningful photoelectron excited dayglow studies. This is based

on good energy conservation and the flux comparisons just described.

IV. INPUT/OUTPUT DESCRIPTION

The calculation of photoelectron spectra and associated volume excita-

tion rates requires a large body of input data. These data were previously

identified in Figure 1. In this section, we will discuss the extent of the

needed parameters.

A large body of output information is also generated in the form of

source spectra, flux spectra, excitation rates, and g-factors. A discussion

is included of these quantities, in particular, of the types of excitation

processes which have been considered.

The input information may be catagorized as follows:

" model atmosphere

" solar spectrum (EUV to X-ray)

* photoabsorption cross sections

* partial photoionization cross sections

* inelastic cross sections for modeling the

photoelectron energy degradation

* loss function for energy loss to plasma

and * excitation cross sections for specifying

excitation processes of interest.

Some of these quantities have already been discussed. Nevertheless,

we will briefly address each of them here, noting either their source or

extent. The model atmosphere comes from Jacchia (1971 or 1977) and is

generated in code SOURCE once the exospheric temperature, T,, is

specified. We allow for a scaling of the 0 density through a factor

appearing in the input data.

The solar flux values come from Torr et al. (1979) and Donnelly and

Pope (1973). In a given run, one of the five available spectra in the

input data set to SOURCE is selected depending on the degree of solar

activity to be modeled. A combination of line and continuum band fluxes

totaling 38 in number is provided with the Torr et al. spectra. We have

replaced their short wavelength band fluxes (<200 A) with line fluxes

from Donnelly and Pope (1973). A scaling factor has been introduced to

5



allow experimentation on our part for lack of knowledge of how the soft

X-ray flux varies with time. Figures 5 and 6 show plots of the input

solar spectra for low and high solar activity.

The total absorption cross sections are used to specify the attenuated

solar spectrum. They come from Torr et al. (1979). The partial ionization

cross sections come from Kirby et al. (1979) and selected papers referenced

therein. Photolonization is modeled for five states of N2+, ten states of

02, and five states of 0+. The ionization thresholds span an energy range

from 12.1 to 25 eV.

There are two sets of electron impact cross sections. The first set

defines the energy loss matrix elements while the second set allows

for excitation to states of specific interest to dayglow studies.

In terms of energy loss, the latter is a subset of the former. Most of

the applied cross sections come from the previous work of Strickland.

These may be found in the papers by Strickland et al. (1976) and Oran and

Strickland (1978). Recently, members have been added for processes such

as dissociative ionization of N 2 leading to NIl 1085 A. Nost of these

have come from measurements by E.C. Zipf and colleagues. A tabular listing

of the cross sections and references is given in the appendix.

The final parameter on the above list is the loss function for energy

loss to the plasma. It should be noted that such loss is not important to

the study of the UV dayglow. Electron impact excitation leading to UV

emission is primarily at electron energies above 10 eV while plasma absorp-

tion of the photoelectron energy affecting the flux spectrum occurs below

this energy. In spite of this, we include the effects of plasma energy

loss so as not to exclude the low energy region from future studies. The

applied loss function comes from Schunk and Hays (1971).

We will now briefly describe the output information. The flux ¢(zj)

is currently calculated for ~40 altitudes between 400 and 100 km and for

as many as 75 energies. Approximately 40 excitation rates and 48 g-factors

are specified on the altitude grid. These refer to ionization, vibrational

excitation, electronic state excitatioi, of the states producing important

energy loss, and additional processes leading to iV emission at selected

wavelengths. The excited state species producing the emission's include

N2 , N2 
+ , 0, 0 + , N, and N Some of the features will be addressed in tie

next section.
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V. RESULTS

In this section, volume excitation rates will be presented, most of

which lead to familiar UV dayglow featares. Our intent here is to illus-

trate the nature of some of the results being generated rather than to

address a specific problem in the study of the UV dayglow.

Two sets of results will be presented. Set 1 appears in Figure 7-12

and applies to the same model atmosphere, solar spectrum, and solar zenith

angle (SZA). Set 2 appears in Figures 13-18 and shows how the 0(5S) and

N2 (al g) rates change with variations in the above parameters. For

set 1, the following conditions apply: F1O.7 = 206, T. = 1000' K,

SZA = 560, and n(O) is of the value from Jacchia (1971). (FRACO = .)

Beginning with set 1, the total ionization rates for N2, 02 and 0 are

shown in Figure 7. The rates for N2 and 02 contain contributions from

dissociative ionization. Two important excited states of N2 are the

C3n and aillg states since they lead to the second positive and

LBH Band systems. Figure 8 shows the excitation rates for these states.

In Figure 9, we compare the afll rate with another important one,

namely that for the O1(5S) state. The 5S and 3S rates are seen together

in Figure 10. Strong photon imprisonment of 1304 A photons will greatly

amplify the 3S production rate shown in this figure.

The last results of the first set are for dissociative excitation. It

should be kept in mind that for some of the features to be shown, direct

excitation of the atomic species will dominate the dissociative process.

This is especially true for the 01 emissions, due to the large amount of

atomic oxygen relative to 02 present in the important excitation region.

Figure 11 shows dissociative excitation rates for producing emission in the

features NI 1200 A, NI 1134 A, NI 1493 A, and NI 1243 A. Figure 12 shows

rates for producing emission at 01 1304 A, 01 1356 A, 01 1027 A, and 01 989 A.

For set 2, the results apply to the three cases identified in Table 1.

For each case, several solar zenith angles are considered as given in the

table. Figures 13-15 show the production rates for 0(5S) with each figure

referring to a different case. Similar results for N2 (a'H g) appear in

Figures 16-18. Noteworthy features of the results in set 2 are an approximate

doubling of the rates in going from low to high solar activity and the

respective decreases and increases in the 5 S and alg rates as n(0) is

7



scaled from .5 to .25 times the Jacchia (1971) value. The 5S rates vary

almost directly with n(0) as expected.

Table 1. Cases for which results have been obtained with the photoelectron

code. For eacb case, the following solar zenith angles were

treated: 00, 300 , 600, 750, 830, 870, and 900.

Case n(O) Scaling Factor T(0K) FI_.7

1 .5 1000 71

2 .5 1000 206

3 .25 1000 206

TF . SZA, i f a SOLAR FLUX SPECTRU
DENSITY SCALING go SOURCE "- ' PHOTOABSORPTION AND
FACTORS, Z GRID,| {PHOTOIONIZATION CROSS l

E GRID |CODE | SECTIONS I

if
SPE SOURCESPCRM
MODEL ATMOSPHERE,

E GRID

ELECTRON IMPACT
CROSS SECTIONS CODE

MATRIX

CROSS SECTrIOSsJ - CODE

PE FLUX,

VOLUME PROD. RATES,
G-FACTORS

Fig. 1. Block diagram for the applied photoelectron code.
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Fig. 2. 4wr integrated photoelectron flux. Both profiles correspond to low
solar activity. FRACO is the 0 density scaling factor.
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Fig. 3. 411 integrated photoelectron flux. The Lee data are the same as
those appearing in Figure 2. The calculated flux is for high solar
activity.
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Fig. 4. Comparison of photoelectron fluxes with Oran (private communication)

for similar solar and atmospheric conditions.
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F 10. = 71

6.8

C"'

7.6 L

L. 6.4

- 5.2

4.
0.200. 400. 600. 800. 1000.

Wavelength (A)

Fig. 5. Representation of solar spectrum for low solar activity. Lines have
been given a rectangular distribution with a 5 A width. The spectrum
between 200 and 1000 P is from Torr et al. (1979) who bave associated
with it a 10.7 cm solar flux value of 71. The spectrum below 200 A
comes from Donnelly and Pope (1973).
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7 .6
0

0
.

L. 6.4
L

0

. 5.2

-.. I I
0. 200. 400. 600. 800. 1000.

Wavelength (A)

Fig. 6. Similar to Figure 5 except for higher solar activity. Torr et al.
(1979) associate with this spectrum a 10.7 cm solar flux value of 206.
The spectrum below 200 A is the same as appears in Figure 5.
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Fig. 7. Calculated ionization rates for conditions identified in the figure.

14



C3F1()0

0Z i --

2:2

C3~

Eli

-JoL

0.0 2.0 3.000LOG10 PRODUCTION RATE( /CM~3 -S)

Fig. 8. Excitation rates for the Onand a111 states of N2 . These lead to the
second positive and LEE- emissions.
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Fig. 9. Excitation rates of the N2 a
111 state and 05S state. The 5Sstate leads

to 1356 A emission.
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Fig. 10. Excitation rates for the 5S and 3S states of 0 leading to 1356 A and

1304 A emission.
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Fig. 11. Emission rates for NI produced by dissociative excitation of N ',.
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Fig. 12. Emission rates for 01 produced by dissociative excitation of 02.
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LOGIo Production Rate (cm3-s 1)

Fig. 13. O(5S) volume production rate based on tl'e solar spectrum in Figure 5.
The parareter fo, scales the Jacchia 1971 atomic oxygen density. SZA
refers the solar zenith angle.
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Fig. 14. Similar to Fgu LOG 10 Productio Rate (cmQ.._ S1 ) 3

spectrum In ure 13 xcept that these rates are based onlth
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scaling factor of .25.
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F 10.7 = 71
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LOG 10 Production Rate (cm-3 -1

Fig. 16. Simijar to Figure 13 except that here the production refers to
N2 (a H g).
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340. F 10.7 = 206
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Fig. 17. Similar to Figure 14 except here the production refers to N 2(a 1IHg).
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-~% 10000

Z; 20. -o .25

160.8

100.600S ZA 0,

Fig. 18. LOG 10 Production Rate (cnr3 S-1 )
Fi. ~. Similar to Figure 15 except here the production refers to N2(al 9).
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APPENDIX

Tables Al-A4 list the various references for inelastic cross sections

for N2 , 02, 0, and N. Table A5 is a tabulation of the numerical values

of the cross sections used in the computer code. The entries are the

species; the number of inelastic cross sections for that species; a line

containing (1) i, the number of values of the individual cross section,

(2) the threshold energy, and (3) an identifier of the state; a block

containing the i energies (in eV); a block containing the i cross sections

(in cm2 ) at each of those energies. The first cross section for each species

refers to total ionization. The line containing the identifier has one

additional parameter not found on corresponding lines for the excitation

cross sections. This parameter is used in an analytic expression giving the

differential behavior of the cross section.
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Table Al. Inelastic Cross Sections for t42

State Reference

Ionization Rapp and Englander-Golden (1965)

Vibration Schulz (1964)

A 3 U Borst (1972)

BU1 atrgh ta.(97

B 31T Cartwright et al. (1977)

C3fl u Cartwright et al. (1977)

a gI 9 Borst (1972)

b 1 IT Zipf and C-crman (1080)

a lU Cartwright et al. (1977)

a" 1 ,+ Cartwrig~ht et al. (1977)

Singlet Rydbergs Green and Stolarski (1972)

Triplet Rydbergs P. Julienne (1976, private
communication)

bt l+ Green and Stolarski (1972)
U

N~I 2s2p4 4p (1134 A) Stone and Zipf (1973)

FI 2p23s 4p (1200 A) Mumma and 71pf (1971b)

NI 2p23s' 2D (1243 A) Mumma and Zipf (1971b)

NI 2p23s 2p (1493 A ) Mumma and Zipf (1971b)

NIl 2s2p3 3 D0 (1085 A) McLaughlin (1977)
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Table A2. Inelastic Cross Sections for 02.

State Reference

Ionization Watson et al. (1967); Silverman and
Lassettre (1957); Kieffer and Dunn
(1966); Rapp et al. (1965)

Vibration Schulz and Dowell (1962); Hake
and Phelps (1967); Trajmar et al.
(1972); Wong et al. (1973)

1l Trajmar et al. (1971)

b y1. Trajmar et al. (1971)
9

A3 r+ Watson et al (1967)
U

b3Z- Trajmar et al. (1972)

"9.9" Feature Watson et al. (1967)

Rydbergs Watson et al. (1967)

01 2p33s' JDo (989 A) Zipf et al. (1979)

01 2p33d 3D' (1027 A) Zipf et al. (1979)

01 2p33s 3s 0 (1304 A) Mumma and Zipf (1971a)

01 2p33s 5SO (1356 A) Wells et al. (1971)
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Table A3. Inelastic Cross Sections for 0.

State Reference

Ionization Fite and Brackmann (1959)

2p3 ID (6300 A) !enry et al. (1969)

2p4 1S (5577 A) Henry et al. (1969)

2p33s 5So (1356 A) Stone and Zipf (1974)

2p33s 3Se (1304 A) Stone and Zipf (1974)

(3s) 3 D Rydberg Davis and Blaba (1976)

(3s) 1D Rydberg Davis and Elaha (1976)

011 4p Peach (1971)

O11 2p Peach (1971)

Table A4. Inelastic Cross Sections for N

State Reference

2s2p4 4 p (1134 A) Stone and Zipf (1973)

2p23s 4p (1200 A) Stone and Zipf (1973)

2p2 38, 2D (1243 A Stone and Zipf (1973)

2p2 3s 2p (1493 A) Stone and Zipf (1973)

2p2 3s 2p (1744 A) Stone and Zipf (1973)
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Table A5. Cross sections

0,

4-' 1.56E+01 1.14E01 N2 ION
,.56E+01 1.60E+01 1.65E+01 I.7E+01 1.80E+01 1.90E+01 2.OOE+01 2.IOE+C1
2.30E+01 2.50E+01 2.80E+01 3.20E+-1 4.00E+01 5,OOE+O1 6.0-E+01 7.0O:E+.1
6.50E+01 1.OOE+02 1.25E+02 1.50E+02 2.00E+0- 3.OOE+02 4.,)E+.2 6.00E+02
.00E+02 1.OOE+03 13 + I.0E+03 2.30E+3 3.00E+03 4.('OE+ 3 5.50E+07

7. CE+03 1.00E+04 1.40E+04 OOE+04 2,.0E+04 .-00E+O4 4. 00E+04 5.0OE+04
7.50E+04 1.00Ef05
t 0E -19 2 . OE-18 4 .66E-18 '7.13E- 18 1 .29E-17 1 .99E-17 .7 0 E-17 .43E- 17

4.Q2E-17 6.40E-17 8.75E-17 1.15E-16 1.5j7E-!6 1.93E-16 2.18E-11 2.33E-16

2.45E-16 2.50E-16 2.52E-16 2.48E-16 2.27E-16 1.92E-16 1.66E-16 1.2BE-15
1.0'E-16 9.10OE-17 7.50E-17 6.00E-17 4.70E-17 3.80E-1' 7 3.00E-17 2.33E-11

1.SOE-17 1.42E-17 1.08E-17 6.1OE-18 6.80E-18 5.85E-18 4.65E-18 3.YOE-IS
2.80E-18 2.20E-18
47 0.30 N2 V=1
3.00E-01 7.00E-01 1.10E+00 1.40E+00 1.'OE+00 1.80E+00 1.88E+00 1.94E+00
1.98E+00 2.04E+00 2.08E+00 2.12E+00 2.16E+00 2.18E+00 2.22E+00 2.25E00
2.28E+00 2.32E+00 2.36E+00 2.40E+00 2.44E+00 2.48E+00 2.52E+00 2.58E+00
2.6-E+00 2.64E+00 2.66E+00 2.68E+00 2.70E+00 2.72E+00 2.76E+00 2.80E+C-
2.83E+00 2.86E+00 2.88E+00 2.90E+00 2.92E+00 2.9E+00 3.02E+00 .08E+O)
3.12E+00 3.16E+00 3.24E+1)0 3.36E+00 3.50E+00 3.70E+00 4.00E+00
6. OE-20 2.60E-19 1.40E-18 5,00E-18 1.0E-00 I 30E-17 3.90E- ?.-.OE-
1.15E-16 1.50E--16 1.15E-16 7.50E-17 5.OOE-I' 3.'40E-17 5.00E-17 2.20E-
1.20E-16 1.40E--16 1.20E-16 F.80E- V 6.50E-17 5.50E-17 6.10E-17 8.50E-17
I.OOE-16 9.OOE-17 6.OOE-17 3.00E-17 1.0E- 7.50E-11 l.5EE17 .60E-17

.450E-17 3.60E-17 2.60E-17 1.70E-17 1.50E-17 1.0OE-16 2.50E-1' 3.5OE-1
4.30E-17 3..E-17 .4)E-I" 2.40E-1'7 I7EE-- 7 .0E-1 I
46 0.60 N2 V=2
6.OOE-01 1.OOE¢00 1.50E+00 1.70E+00 1.80E+00 1.84E+00 !.SSE+00 1.04E+00
2.00E+00 2.06E+00 2.12E+00 2.16E+Of 2.22E+00 2.26E+00 2.30E+OO 2.34E+On
2.36E+00 2.40E+00 2.42E+00 2.44E+00 2.46E+00 2.fOE+0 2.54E+00 2.60E+00
2.64E+00 2-66E 00 2.68E+00 2.72E+00 2.74E+00 2.78E 00 2.82E+00) 2.8SE+tO0

2.92E+00 2.96E+00 2.98E+00 3.02E+00 3.-)6E+00 3.08E+00 3.10E+O0 3.1'E O
3.16E+00 3.20E 00 3.26E+00 3.34E+00 3.48E+00 3.60E+,'O0

1.00E-25 1.00E~23 1.00E-21 1.00E-19 2.OOE-19 7.50E-18 1.65E-17 3.90E-17
7.30E-17 1.05E-16 1.10E-16 9.30E-17 6.30E-17 4.00E-17 2.5^-E-17 1.60E-17

1.40E-17 1.90E-17 3.50E-17 6.OOE-17 8.50E-U' 1.00E-16 8.60E-17 5.5SE-1
2.60E-17 1.60E-17 1.30E-17 1.90E-17 3.10E-1" 4.!OE-17 5.30E-17 4-30E-17
3.00E-17 1.70E~17 1.15E-17 '?.20E-18 1.20E-17 1.70E-17 2.50E-17 2.90E-17

2.60E-17 2.00E~17 1.45E-17 1.05E-17 7.00E-18 5-50E-18
31 0.90 N2 V=3
9.00E-01 1.20E+00 1.50E+00 1.70E+00 1.8OE+00 1-88E+00 1.94E+00 2-00E+00

2.06E+00 2.14E+00 -".20E+00 2.26E+00 2".32E+00 2.3,6E+0) 21.40E+00 2-44E+00
2.48E 00 2.54E+00 2.60E+00 2.66E+00 2.70E+00O 2.74E 00 1.78E+00 2.82E 00
2.86E+00 2.92E+00 2.98E+00 3.02E 00 3.06E+00 3.14E+00 ;..24E+00

1.00E-23 1.00E-22 1.00E-21 I.00E-20 1.00E-19 2.00E-19 8.50E-18 2-10E-17

4.30E-17 7.50E-17 9.00E-17 7.50E-17 3.60E-l7 1.50E-17 1.00E-17 1.50E-17
2.50E-17 4.00E-17 4,SOE-17 4.00E-17 2.30E-1

" 
. .0E-17 1.00E-17 t-75E-17

2.10E-17 2.60E-17 2.OOE-17 1.20E-17. 9,30E-19 Q.00E-18 S.50OE-18
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Table A5 (Cont'd) - Cross sections

36 1.20 N2 V=4
1.20E+00 1.40E+00 1.60E+00 1.SOE+O0 1.90E+00 1.05E+O0 2.2E+I'C
2.OE+00 2.12E+00 2.16E+00 2.22E+00 2.29E+00 2.34E+00 2.40E+00 24, C

.

2.48E+00 2.50E+00 2.54E+00 2.58E+00 2.62E+00 2.65E+00 2.oSE+O0 2."2E+ .
2.76E+00 2.79E+00 2.82E+00 2.84E+00 2.88E+00 2.92EfOO 2.46E+00 3.-OE+'
3.06E+00 3.12E+00 3.16E+00 3.20E+00
1.OOE-23 1.0OE-22 1.OOE-21 1.OOE-20 1.OOE-19 3.OOE-19 I.O0E-13 '.OOE-I
1.OOE-17 2.50E-17 4.30E-17 6.30E-17 7.20E-17 6.00E-17 4.COE-17 2.5E-1
1.50E-17 1.00E-17 7.50E-18 3.50E-18 1.40E-17 2.0OE--17 3.00E-1' 3.80E-1I

3.OOE-17 1.80E-17 1.OOE-17 7.50E-18 5.40E-18 6.00E-18 S.O0E-18 1.15E-1-"
1.30E-17 1.15E-17 8.00E-18 4.OOE-18
37 1.50 N2 V=5
1.50E+00 1.70E+00 1.90E+00 2.OOE+O0 2.06E+00 2,10E+00 2.14E+00 2.20E -:
226E+00 2.32E+00 2.38E+00 2.44E+00 2.50E+00 4.4+025E-02~E-J'
-.60E+00 2.62E+00 2.66E+00 2.70E+00 2.?4E+00 2.78E+00 2.82E+00 2.8SE+),.
2.92E+00 2.96E00 2.98E+00 3.OOE+O0 3.04E+00 3.08E00 3.t2E+O0 3.16E+V,
3.20E+00 3.24E+00 3.28E+00 3.30E+00 3.34E+00
1.00E-23 1.00E-22 1.OOE-21 3.OOE-19 2.50E-18 7.50E-18 1.50E-17 2.50E-I-'

3.30E-17 4.OOE-17 4.60E-17 5.OOE-17 4.50E-17 3.30E-17 2.10E-17 9.50E-I-
5.OOE-18 3.00E-18 3.50E-18 6.10E-18 1.00E-17 1,50E-17 2.05E-1' 2-.-E-17
2.10E-17 1.20E-17 5,OOE-18 3.OOE-18 3.OOE-18 4.30E-18 7.50E-18 1.COE-1"
1.10E-17 9.50E-18 5.OOE-18 3.OOE-18 1.OOE-18
25 1.80 N2 V=6
1.80E+00 1.90E+00 2.OOE+00 2.IOE+00 2.20E+00 2.25E+00 2.28E+00 2.3"E'' ,'
2.32E+00 2.36E+00 2.40E+00 2.46E+00 2.52E+O0) 258E+00 2..4E+-' 2.)E
2.7SE+00 2.84E+00 2.90E+00 2.9.5E+00 3.OOE+O0 3.04E+('0 i.1-)E+,' 3.1SE+,),I
3.20E+00
1.00E-24 1.00E-23 1.00E-22 1.00OE-21 1.OOE-20 1.O0E-19 5.-OE-IQ 1.f,-E-1c

6.OOE-18 2.OOE-17 3.40E-17 4-90E-17 5.40E-17 4.90E-17 I E-X7 2
1.05E-17 9.00E-18 1.05E-17 1.30E-17 1.35E-17 1.10E-17 ,.OOE-18 1 -'

1.50E-18
31 2.10 N2 V=7
2.10E+00 2.20E+00 2.30E+00 2.36E+00 2.40E+00 2.42E+00 2,46E+'00 2.52E+O0
2.58E+00 2.64E+00 2.68E+00 2.74E+00 2.78E+00 2.82E+00 2.84E+ O 2.86E+O0
2.88E+00 2.90E+00 2.92E+00 2.96E+00 3.OOE+00 3.02E+00 3.04E+00 3.)6E+0
3.10E+00 3.16E+00 3.22E+00 3.28E+00 3.32E+00 3.36E+00 3.40E+00
1OOE-22 1.OOE-21 1.OE-20 l.OOE-1 l.50E-18 4.70E-18 9.-0E-18 l.40E-17
1.80E-17 2.50E-17 3.00E-17 2.60E-17 1.SOE-17 1.60E-17 1.70E-17 8.O0E-1I
5.20E-18 3.40E-18 2.40E-18 1.70E-18 1.SOE-18 2.20E-18 3.40E-19 4.SCE-13
6.60E-18 7.50E-18 7.10E-18 5.50E-18 3.50E-18 2.OOE-18 1.OOE-18
25 2.40 N2 V=8
2.40E+00 2.45E+00 2.50E+00 2.53E+00 2.56E+00 2.58E+00 2.60E+00 2.64E+O
2.70E+00 2.76E+00 2,82E+00 2.88E+00 2.94E 00 2.98E+00 3.02E+00 3.06E+(O)
3.10E+00 3.14E+00 3.18E+00 3.22E+00 3.26E+00 3.30E+00 3.34E+00 7.3eE+"O
3.40E+00
1.OOE-22 1.OE-21 1.OOE-20 1.OOE-19 1.50E-18 3.20E-18 5.50E-18 0.50E-19
1.25E-17 1.30E-17 1.20E-17 1.00E-17 7.00E-18 5.00E-1 2.50E-18 1.40E-i'l
1.30E-18 1.40E-18 1.80E-18 2.90E-18 4.00E-18 4.50E-18 3.80E-18 2.40E-1S
1.50E-18
19 6.17 N2 A3910
6.SOE+00 7.OOE+00 7.50E+00 B,00E+00 9.00E+00 1.00E+01 1.1OE+-M 1.Z0E+01
1.30E+01 1.50E+01 1.70E+01 2.OOE+01 2.50E+01 3.OOE+01 4.00E+01 5.,0E4,'I
6.OOE+01 7.50E+01 1.OOE+02
5.OOE-19 2.00E-18 5.00E-18 1.50E-17 2.60E-17 4.00E-17 5.00E-17 4.30E-17
3.30E-17 2.30E-17 1.70E-I7 1.30E-17 8.50K-18 5.80E-18 3.OOE-19 l.SOE-:P
1.10E-18 6.OOE-19 3.OOE-19

31

-



Table A5 (Cont'd) - Cross sections

1 7 '2 E3P I
V L +0,, 7. 50E+00 7. 'fE+00 8.O OE+,)O 8.50E+00 0 .00E+00 I OOE+01 1,10E+01
O:E +0 1 1.3COE+Q1 1.40E+01 1.60E+01 2 -OOE+01 2. 60E+01 3.50E+01 4.50E+'I

),'AE+01 8.O0E+01 1.1,)E4-02 1.50E+,)2 2.OOE+O'2

'0 11 .0 N2 C 3PI
13E401 1. 15E+01 1. 20E+01 I -25E+O I 1. !tE+01 I .3'!E+O1l 1. 40E+01 1.45ECCI

.5,E -0 1 1.60E+01 1.7,)E+01 1.SOE+(N1 2.00E+01 2.5-E01 .'E+01 4.00E+01
-.C!E+01 '.5k0E+01 I ,OOE +02 2. r-E+0Z

-. 40E-l' 2.70E-17 2.30E-1 7 2-OOE-17 1.50E-17' 9.40E-18 6.SOE-18 3. S0E-1
1. 1.IOE-18 6.50E-19 2.70E-19 3,40E-20
3 7.50 N2 W3DEL

7 .50E+00 7.60E+00 '.70E+00 7.80E+00 8.fOOE+t00 8.3Q0E+00 8.60E+00 R.OOE+00
I.OOE+01 1.IOE+01 1.30E+01 1.50E+01 1.6"E+01 1.SOE+01 2.IOE+01 2.50E+01
3.20E+01 4.OOE+01 5.50E+01 7 .'JOE+01 1.OOE+02' 1.50E+AZ 2.OOE+02
1.OOE-19 3.OOE-19 7.OOE-L9 l.OOF-18 2.OOE-18 4-OOE-18 f.50E-18 7.40E-18
120'E-17 1.70E-17 2-60E-17 3-60E-17 3.SC.E-lY, 3.50E-1'7 2.2,)E-1 -1.40E-V-
3.40E-18 5.00E-19 1.90E-18 7.60E-19 3.20E-10 9-50.E-20 4.00E-20
30 .. 5i NJ2 AlP!
".OOE+00 9.50'E+00 1.00E401 1.10E+01 1.20E+01 1.0+114E~11.5'F++C
1.,,%E+01 1.70E+01 1.0,'E+01 2. 20E+O I 2.50E+01 3.OC0E+-1 4 . 'E S 01 1 E . 4-E' .
'Q.O0E+01 1.25E+O0 1-50E+0C2 2.OOE+02 3.OOE+02 ..vOC+02 ?.50E+02 1.C00F ,-
1i. S"E+03 2 .,'.'E +C 3. OOE +017 5.OOE403 -.50E+OKI 1.~F+

7 .0 E -18 5. 5 0E -18 4.60E-18 3.45E-18'3 .30E-18 1. 3E- 18 9 .20E-- 19 6 .90E- 19
4 ..60E- 19 3. 4SE- 1 2.30E-19 1 -3.SE -19 Q.20E-20 6,96E-2'
17 13.0 N2 E'1pIu
1.30E+01 1.35E+01 1.45EI-01 1.65JE+01 2.IOE+01l !.20E+01 5.50E+01 1.0OE+02
1.90E+02- 5.OOE+02 1.OOE+03 1.90E4103 4.OOE+03 9.0,)E+03 2.1iOE+04 4.50E+01
I .QOE+05
2.30E-18 5.OOE-18 1.13E-17 2.30E-17 3.85E-17 4..b E-IV 4.30E-17 3.20E-1 7

L-50E-1 9

12 10.0 N2 W1DEL
1.OOE4O1 1.35E+01 1.50E+01 2-7.OOE+01 2.SOE+01 3.OOE+01 4.OOE+0l 5.OOE+01
6-0QE+01 S.OOE+01 1.OOE+02 1.40E+02
4.OOE-18 1.ZOE-17 1.00E-17 4.35E-18 3.OOE-18 2.128E-18 1.30E-18 8.25E-19
5.70E-19 3.20E-19 2.05E-19 1.OOE-19
15 10.0 N2 A'
1.OOE+01 1.40E+01 1.50E+01 2.OOE+01 2.SOE+01 3.OOE+01 4.OOE+01 5.OOE+01
6.OOE+0l S.00E+01 1.00E+02! 1.SCE+02 2.00E+02! 4.OOE+02 3.80E+02
3.OOE-18 1.OOE-17 9.50E-18 4.95E-13 3.SOE-18 I.90E-18 2.25E-ie 1.78E-18
I-SOE-18 1.10E-18 9.QOE-19 5.90E-19 4.40E-19 2,20E-19 10E1
15 12.5 N2 A''
1.25E+01 1.50E+01 1.95E+01 2.,00E+0l 2.50E+01 3.OOE401 4.O0E+01 5.00E+01
1.00E+01 8.00E+01 1.OOE+02 1.50E+02 2.OOE+02 4.OOE+02 6.70E+02
I.00E-18 3.50E-18 5.95E-18 5.90E-18 3.65E-18 2.60E-18 1.75E-18 1.37E-18
1.13E-18 8.50E-19 6.75E-19 4.50E-19 3.35E-19 1.70E-1; 1.00E-10
16~ 13.0 N2 3RYD
1.30E+01 1.40E+01 1.SOE+01 1.70E+01 2.OOE+01 2.252E+01 2.50E+01 3.00E+01
3.SOE+01 4.002+01 S.OOE+01 7.002+01 9-00E+01 1.20E+02 1.502+OZ Z.OOE+o:
1.002-19 1.50E-17 2.?OE-17 4.30E-17 S.:0E-17 5.002-17 4.50E-1" 2.10E-17
1.802-17 1.23E-17 6.20E-18 2.20E-19 1.102-18 4.60E-19 2.30E-IQ 9.60E-20
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Table A5 (Cont'd) - Cross sections

30 13.5 N2 BISIG
1.35E+01 1.40E+01 1.70E+01 2.OE+01 2.30E+O1 2.7,-E+01 3.20E+01 4.Oc0E+-K
5.OOE+01 6.OOE+01 7.OE+01 B.OE+01 1.OOE+02 1.50E+02 2.C)0E+,2 :,,- ..
5.OOE+02 7.50E+02 1.OOE+03 1.50E+03 2.2OE+(,3 3.)0E+03 5.O'E+03 .5}E+ 7
1.OOE+04 2.00E404 3.OE+04 5.OOE+04 7 -50E+04 1.Q0E+05
1.00E-20 1.QOE-19 7.OOE-I9 2.OOE-18 5.OOE-18 8.OE-18 1.,;7E-17 1.4C,"E-1-
1.60E-17 1.65E-17 1.68E-17 1.67E-17 1.60E-17 1.40E-1" 1.20E-1- Q.601

6.90E-18 5.20E-18 4.20E-18 3.OOE-18 2.40E-18 1.70E-1; 1.12E-]I S.(,C.L-
6.30E-19 3.50E-19 2.50E-19 1.60E-19 1IOE-19 8.508-20
29 16.0 N2 IRYI
1.60E+01 1.7OE+01 1.80E+01 2.OOE+01 2.50E+01 3.OOE+01 4.>08+0l '.O)E+0t
7.50E+01 1.OOE+02 1.50E+02 2.0OE+02 3.008E02 5.OOE+¢,2 7.50E+C2
1.50E+03 2.OOE+03 3.00E+03 5.00E+03 7.50E+03 1.00E+04 1.50E+,)4 2.C'Ei,*.
3.OOE+04 5.OOE+04 7.50E+04 1.OOE+05
2.20E-18 5.50E-18 1.00E-17 2,.10E-17 5.008-11 7.S0E-17 1.15E-111 1.3738-Io
1.40E-16 1.32E-16 1.13E-16 9.80E-17 7.QE0 -17 '-70E-17 4.40,E-1 -..608-I

2.70E-17 2.20E-17 1.60E-17 1.10E-17 7.60E-18 o.OOE-18 4.25E-18 7.4OE->-
2.40E-18 1.55E-18 1.I0E-18 8.70E-19
23 20.0 NI 1134
2.OOE+01 2.50E+01 3.00E+01 3oE0+01 4 01 4.40E+01 5.C'0E+(01 . +.:I
6.OOE+01 7.00E+01 8.00E01 9,00E+01 1.0,)E+02 1.20E+02 1.4)E+-).,.E .:
1.80E+02 2.OOE+02 2.20E+02 2.40E+02 2.60E+02 2.80E+02 3.-iE+02
1.24E-20 2.48E-19 6.45E-19 7,44E-19 7.81E-19 7.04E-1

0 1.XA8E-Ie 1.2zE->?
1.258-18 1.25E-18 1.24E-18 1.22E-I8 1.20E-18 1.14E-18 1.O0SE-I': -. :
9.11E-19 8.68E-19 8.12E-19 7.68E-19 7 , 1 -88E-19_ 6.6E-I

¢

24 20.1 NI 1200
2.50E+01 2.75E+01 3.00E+01 3.25E+01 3.50E+01 3.77E+01 4.'CE+01 4.25E+.1
4.5(%E+01 4.75E+01 5,00E+01 6.0OE+01 7 ,?0E+01 C.,,E+,. C1 0 E+Ct 1 C E F +
1.25E+02 1.50E+02 1.75E+02 2.0OE+02 2..25E+02 Z.SCE+02 ,
5.30E-19 1,008-18f 1.37E-18 1.71E-18 1,34E-18 ! E I .l - 7F I

2.78E-18 3.22E-18 3.69E-18 5.30E-18 6.35E-18 6.0OE-19 t.7E-18 I.-1P
6.30E-18 5.87E-18 5.49E-18 5.1i-18 4.75E-18 4.43E-18 4.15E-19 . 3L-
25 22.5 NI 1243
2.25E+01 2.50E+01 2,75E+01 3.00E+01 3.25E+01 3.50E+01 3.75E+01 4.'ME '}I
4.25E+01 4.50E+01 4.75E+01 5.00E+01 6.OOE+01 '.OOE+01 .9.OIOE+. '3 .O,)E+0i
1.00 +02 1.25E+02 1.50E+02 1.75E+02 2.00E+02 2.25E+02 2.50E+02 2.75E+C,2
3.OOE+02
5.80E-20 9.40E-20 2.90E-19 4.06E-19 5.OSE-19 5.73E-19 6.30E-19 6.81E-10

7.18E-19 8.12E-19 8.99E-19 9.90E-19 1.35E--19 1.52E-18 1.54E-13 1.52E-13
1.45E-18 1.33E-18 1.20E-18 1.09E-19 Q,9OE-19 9.20E-19 8.50E-1T -. 808-IQ

7.20E-19
25 22.5 NI 1493
2.25E+01 2.50E+01 2.75E+01 3.00E+01 3.25E+01 3.50E+01 3.75E+01 4.OOE+01
4.25E+01 4.50E+01 4.75E+01 5.00E+01 6.OOE+01 ..OQE+1 8..OE+01
1.00E102 1.2E+02 l.50E+02 1.75E+02 2.00E 02 2.25E+02 2.S 5OE+02 2.-E+K.
3.OOE+02
4.19E-19 6.34E-19 8.51E-19 9.56E-19 1,00E-18 1,028E-18 1.03E-18 1.14E-13

1.47E-18 1.59E-18 1.79E-18 1.89E-18 2.39E-18 2.69E-19 2.68E-19 J..AE-1I
2.62E-18 2.51E-18 2.35E-18 2.15E-18 1.99E-18 1.86E-19 1.'3E-18 1.60E-1S
1.52E-18
16 36. NIl 1085
3.60E+01 4.OOE+01 4.50E+01 5.20E+01 6.00 E01 7.50E+01 9.OOE+01 1.10E+02
1.30E+02 1.60E+02 2.OOE+0: 2.60E+02 3.50E+02 5.508E+C,2 9.OCE+02 1.2CE,'
1.OOE-20 2.10E-19 7.OOE-19 1.50E-18 2.20E-18 2.90E-18 3.4-)E-1B 4.-,E-12
4.2.0g-18 4.20E-18 3.90E-18 3.10E-18 2.20E-19 1.40E-19 0.40E-19
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Table A5 (Cont'd) - Cross sections

1.25E+01 1,52E+01 02 ION
25E+,'1 1.30E+01 1.40E+01 1.50E+01 1.70E+01 2,0E+01 2.50E+01 3.00E+01
.'E i1 5.00E+01 7.00E+01 1.00E+02 1.25E+02 1.50E+02 2.00E+02 3.00E+02

4 E+02 5.00E02 ,OOE402 1.00E+03 1.O50E+03 2.00E+03 3.-0E+03 5,00E03
50E+03 1.00E+04 1.50E*04 2.50E+04 5.00E04
.OOE-18 2.30E-18 5.50E-18 8.50E-18 1.80E-17 3.10E-17 6.20E-17 9.30E-17
1.45E-16 1.90E-16 2.40E-16 2.70E-16 2.75E-16 2.70E-16 2.40E-16 2.00E-16
1.'OE-16 1.47E-16 1.17E--16 9.00E-17 6.70E-17 5,30E-17 3.90E-I' 2.60E-1y
I.3'E-17 1.40E-17 1.05E-17 7.00E-18 3.70E-18
29 0.30 02 VIP
3.00E-01 3.50E-01 3.80E-01 4.00E-01 5.00E-01 7.00E-01 9.002-01 9.50E-01
1.00E 00 1.20E 00 1.50E 00 2.00E 00 2.50E 00 3.00E 00 4.OOE 00 4.50E 00
5.00E 00 6.00E 00 .OOE 00 8.00E 00 9.00E 00 1.00E 01 1.20E 01 1.50E 01
2.00E 01 3.00E 01 4.00E 01 5.00E 01 1.00E 02
0.00E-18 9.50E-18 8.00E-18 7,00E-18 4.20E-18 2.00E-18 1.30E-18 4.00F-18
1.00E-17 1.00E-17 7.00E-18 4.00E-18 2.70E-18 1.60E-13 1.20E-18 4.00E-Ii
8.00E-18 1.80E-17 3,00E-1/ 4,40E-17 5.40E-17 5.00E-17 3.00E-17 6.00E-18
4.00E-18 2.20E-18 1.50E-18 1.20E-18 5.00E-1
23 1.20 02 AIDEL
1.20E+00 1.40E+00 1.70E+00 2.00E0 2.50E+00 3.00E+00 4-00E+00 5.00E+00
6.00E+00 7.00E+00 8.OOE+00 9OOE+00 I.OOE4-01 1.20E+01 1.50E+01Z .OOE+O1
1.OOE+01 4.00E+01 5,00E+01 7 50E+01 1.00E02 1.50E+02 20)E+02
1.50E-19 3.50E-19 8.00E-19 1.50E-18 2.70E-18 3.80E-1& 5.2nE-18 6.20E-ia
p.80E-18 9.20E-18 8.00E-18 7.00E-18 6.20E-18 Q.E-518 4. 4--I 3.5)E- 1
2.20E-18 1.50E-18 8.70E-19 2.60E-19 1.1-E-19 3.201-20 1.40E-20
2,1 1.80 02 P1516
1.80E+00 1.90E+00 2.00E+00 2.30E+00 2.60E+00 3.OOE+00 3.50E20 4.52..E+00
6.00E+00 8.00E+00 1.00E+01 1.50E+01 2.00E+01 3.00E+01 5.002+01 6.202+"'!
8.00E+01 1.00E+02 1.50E+02 2.00E+02
6.30E-20 1.30E-19 2.00E-19 4.60E-19 7.tOE-19 I,00E-18 1.35E-18 1.6E-18
1.97E-19 1.90E-18 1.65E-18 1.25E-18 1.00E-18 a.40E-I Q 2.40E-19 1.40E-1
5.90E-20 3.00E-20 8.90E-21 3.80E-21
29 4.70 02 A3SI6
4.70E+00 4.80E+00 5.00E+00 5.50E+00 6.00E+00 7.00E+00 8.00E+00 1.00E+01
1.20E+01 1.50E+01 2.00E+01 2.50E+01 3.00E+01 4.00E+01 5.00E+01 7.50E+01
1.OOE+02 1.50E+02 2.00E02 3.00E+02 5.00E02 7.50E+02 1.00E+03 1.50E+03
.00E+03 3.00E03 5.00E+03 7.00E03 1.00E+04
S.00E-18 5.40E-18 8.20E-18 1.25E-17 1.50E-17 1.65E-17 1.64E-17 1.50E-1-
1.30E-17 1.10E-17 8.50E-18 7.00E-18 6.00E-18 4.80E-18 3.80E-18 2.6E-iF
2.05E-18 1.40E-18 1.10E-18 7.60E-19 4.90E-19 3.30E-19 2.60E-19 1.75E-19
1.30E-19 8.80E-20 5.30E-20 3.80E-20 2.60E-20
30 8.50 02 83SIG
8.50E+00 8.75E+00 9.00E+00 9.50E+00 1.00E+01 1.10E+01 1,30E+01 1.50E+01
1.80E+01 2.20E+01 2.50E+01 3.OOE+01 4.00E+01 5.00E+01 7,50E+01 1.00E+02
1.50E+02 2.00E+02 3.00E02 5.00E+02 7.50E+02 1.00E+03 1.50E+03 2.o00E+03
3.00E+03 5.00E+03 7.50E+03 1.20E+04 2.00E04 3.OOE+04
2.OE-19 1.00E-18 2.30E-18 6.60E-18 1.25E-17 2.50E-17 5.00E-17 7.00E-17
9.90E-17 1.02E-16 1.07E-16 1.10E-16 1.06E-16 1.00E-16 8.30E-17 7.20E-17
5.30E-17 4.60E-17 3.40E-17 2.45E-17 1.86E-17 1.50E-17 1.10E-17 9.00E-18

A.60E-18 4.40E-18 3.10E-18 2.00E-18 1.30E-18 8.80E-19
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Table A5 (Cont'd) - Cross sections

29 11.0 02 *9.91
I.1OE+01 1.15E+01 1.2CE+01 I.31'E+-)1 1.5CE+(-1 I. E+01 2.I CE+I E
3.00E+01 4.00E+01 5.0,!E+O1 6.00E+I S. OOE+,1 1. }E+02 1.5,E+Q 2
3.OOE+02 5.00E+02 7.50E+022 J.OOE+03 1.50E+03 2. E 4-03 .,)+'3 5 E
7.00E+03 1.OOE+04 1.50E+04 2.50E+04 5'.CE+0.'
2.OOE-20 5.50E-20 1.1OE-19 2.70E-19 '.OOE-1 1.20E-18 1.65E-1$ 2.7',E-Ic
3.20E-18 3.70E-18 3.80E-18 3.75E-18 3.45E-18 -.E-L8 .6)E-12 2.A-I
1.70E-18 1.20E-18 9.10E-19 7.50E-19 5.50E-19 4.45E-Ic 3.20E- "  .,-l-
1.60E-19 1.20E-19 8.40E-20 5.40E-20 2.SOE--20
27 14.0 02 RYDI
1.40E+01 1.50E+01 1.60E+01 1.70E+01 1.80E+01 2.OOE+1 2.50E+01 3.,E [
4.00E+01 5.OOE+01 7.OCE+O1 1.OOE+02 1.50E+02 2.00E+02 3.nOE+02 5.. 1+...
-.50E+02 I.OOE+03 1.50E+03 2.OCE+03 3.OOE+03 5.O0E+03 7.5,^E+)3 1.OjE+C4
1.50E+04 2.50E+04 5.OOE+04
9.00E-19 1.60E-18 3,30E-18 7.OOE-18 1,25E-1; 2-.50E-17 o.20E-l17 ,}E :
1.27E-16 1.45E-16 1.50E-16 1.40E-16 1.25E-16 1.05E-16 C-.50E-17 6.-00-E-I1
4.50E-17 3.70E-17 2.80E-17 2-30E-17 1..65E-17 1.IOE-17 $.,}0E-18 6.3CE-I 1

4.50E-18 3.OOE-18 1.70E-18
30 18.7 02 RYDr2
2.20E+01 2.50E+01 3,00E+01 4.00E+01 5.00E+01 6.vOE+Cl 7.:-E+01 8.0E+:
9.OOE+01 1.OOE+02 1.50E+02 2.00E+02 3.00E+02 4.0E:+,): 5.2'E+02 .005+.:
7.OOE+02 8.00E+02 9.00E+02 I.OOE+03 1.20E+03 1.60E+03 2..;E+03 3.C)E+{3
5.OOE+03 7.OOE+03 1.OOE+04 2.OOE+04 3.OOE+04 5.00E+t.4
1.30E-18 3.50E-18 1.00E-17 2.81E-17 4.49E-17 5.97E-17 6.95E-17 1.07E-t-
8.61E-17 9.21E-17 100 E-1 6 9.956E-17 8,13E-17 6.77E-17 5..:4E -1-

"  
4. 9 E-- I

4.40E-17 3.97E-17 3.64E-17 3.37E-17 2. CE- 17 2.40E-17 2.)OE-17 1.4OE- I
9.60E-18 ?.20E-18 5.40E-18 3.10E-18 2.26E-18 1.50E-]-
22 17.6 02 989
1.70E+01 1.8OE+01 2.OOE+01 250E+01 3.0CE+01 4.0)E+)l 5.0.)E+01 o. OOE f.",i
7.00E+01 8.00E+01 9.OOE+01 1.OCE+02 1.2,)E+02 1.40E+'2 1-60E+02 1.:30E+ o
2.OOE+02 2.20E+02 2.40E+02 2.60E+02 2.SOE+02 3.00E+02
2.53E-20 6.OOE-20 1.39E-19 3.20E-19 4.81E-19 8.74E-19 1.2"E-18 1.62E-tP
1.82E-18 1.93E-18 1.94E-18 1.93E-18 1.87E-18 1.80':-18 1.71E-18 1,652E-1b

1.53E-18 1.46E-18 1.39E-18 1.33E-18 I.27E-18 1.2!E-18
25 17.2 021027
1.50E+01 1.60E+01 1.70E+01 1.80E+01 L.90E+01 2.0E+01 2.5E+01 3.1OE+01
4.00E+01 5.OOE+01 6.00E+01 7.00E+01 8.00E+ 1 Q.0OE+01 1.)OE+02 1.20E+ ,
1.40E+02 1.60E+02 1.80E+02 2.OOE+02 2.20E+02 2.40E+,)2 2.60E+02 2.30E+02
3.OQE+02

1.OOE-21 5.00E-21 2.50E-20 7.OOE-20 1.00E-19 1.30E-19 2.60E-19 3.20E-1 0

6.20E-19 8.90E-19 1.12E-18 1.32E-18 1.44E-18 1.47E-18 1.47E-18 1.44E-11

1.39E-18 1.33E-18 1.27E-18 1.21E-18 1.15E-18 1.09E-1 q 1.05E-18 9.05E-1
'

9.50E-19
20 14.6 021304
1.47E+01 2.OOE+01 3.OOE+01 4.00E+01 5.OOE+01 6.OOE+01 7.OOE+01 8.OOE+01
9.OOE+01 1.00E+02 1.20E+02 1.40E+02 1.60E+02 1.80E+02 2C-E 02 O .ZOE+"K
2.40E+02 2.60E+02 2.80E+02 3.OOE+02
7.OOE-19 1.40E-18 2.28E-18 2.63E-18 3.25E-18 3.50E-18 3.SE-18 3. OE-I
3.80E-18 3.70E-18 3.50E-18 3.25E-18 3.OSE-18 2.89E-18 2.-2E-18 2.58E-18
2.45E-18 2.31E-18 2.20E-18 2.10E-18
20 14.2 021356
1.40E+01 2.OOE+01 3.OOE+01 4.00E+01 5.COE+01 6.OOE+01 2.0OE+01 8.00E+61
9.OOE+01 1.OOE+02 1.20E+02 1.40E+02 1.60E+02 I.SOE+,'2 2.00E+02 2.2CE+07
2.40E+02 2.60E+02 2.80E+02 3.OOE+02
6.00E-19 1.30E-16 2.40E-18 3.40E-18 4.65E-18 5.50E-18 A.25E-I8 6.60E-IR

6.80E-18 7.00E-18 6.90E-18 6.70E-18 6.45E-18 6.20E-19 5.eE-18 5.?%E-t9
5.45E-18 5.20E-18 5.05E-18 4.95E-18
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Table A5 (Cont'd) - Cross sections

1.40E+01 8.00E+00 01 ION
OE+01 1.50E+01 1.60E+01 1.80E+01 2.00E+01 2.50E+01 3.OOE+01 4.OOE+01
"OE;01 7.OOE+01 1.00E4-02 1.50E+02 2.50E+02 4.00E+02 6.00E+02 8,022+02
.OE+03 1.50E+03 2.00E+03 3.0)E+03 5.00E+03 7.50E+03 1.00E+04 1.50E+04
cE+04 5.00E04
2E-I 6.50E-16 1.55E-1' 3.70E-17 .S0E-17 8.60E-17 1.05E-16 1.30E-lc
52E-16 1.53E-16 1.50E-l 1.40E-16 1.15E-16 9.00E-17 7.00E-1

7 
6.10E-1

7OE-17 4.302-17 3.802-17 3.00E-17 -. 30-1 1.90E-1- 1.60E-17 1 .0E- 1

?-'E-16 4.20E-18
-1 2.10 'I) If

1.10E+00 2.20E+00 2.40E+00 2.60E+00 2.90E+00 3.50E+00 4.00E+00 5.00E+00
.,5E+00 7.00E+00 8.50E400 1.00E+01 1.50E+01 2.50E+01 4.OOE+01 6.0,E+01
S-,OE+01 1.00E+02 1.50E+02 2.00E+02 3.00E+02
1.,0E-18 2.50E-18 6.00E-18 1.00E-17 1.50E-17 2.25E-17 2.53E-17 2.75E-1 -

2 
7
5E-17 2.69E-17 2.48E-17 2.33E-17 1.80E-17 1.30E-17 8.20E-13 5.00E-18

1.30E-18 2.00E-18 1.00E-18 5.00E-1' 1.50E-1'7

te 4.00 01 15
4,00E+00 4.50E+00 5.00E+00 6.00E+0O 7,00E+00 8,00E+00 '.OE+00 1.OOE+01

1.20E+01 1.50E+01 2.00E+01 3.00E+01 4.00E+01 5.0E+01 7.OOE+01 1.00E+02
1.50E+02 2.00E+02 3.00E+02 5.00E+02
1.00E-19 3.00E-19 9.50E-19 1.50E-18 1.90E-18 2.20E-18 2.35E-18 2.40E-18
2,40E-18 2.20E-18 1.90E-18 1.40E-18 1.10E-18 9.00E-19 6.50E-19 4.00E-1'
2.,00E-19 1.20E-19 5.00E-20
14 Q.1 01 55
'.00+00 1.00E+01 1.10E+01 1.20E+01 1.30E+01 1,40E+01 1.50E+,1 1.60E+.i
!.OOE+01 2.20E+01 2.50E+01 3.OOE+01 4.00E+01 5.00E+01 7 002E+-1 1 4 e40
1.10E-18 2.50E-18 6,00E-18 1.20E-17 1.85E-1

? 
2.35E-17 2.50E-17 2.45E-1'

2.35E-17 1.78E-17 1.38E-17 9.00E-18 4.40E-18 2.20E-18 7.50E-19 2.75E-1Q

24 10.1 01 36

1.00E+01 1,20E+01 1.40E+01 1.70E+01 2.20E+01 3.00E+Oi 5.00E+01 7.50E+01
I.OOE+02 1.50E+02 2.00E+02 3.00E+02 5.00E02 7.50E+02 1 00E03 1.50E103
2.00E03 3.00E+03 5.00E+03 7.00E+03 1.OOE+04 1.50E+04 2.50E+04 5.00E04
6.00E-18 2.30E-17 4.70E-17 5.30E-17 5.40E-17 4.90E-17 4.00E-17 3.30E-I-
2.90E-17 2.30E-17 2-00E-17 1.50E-17 1.05E-17 8.00E-18 6.20E-18 4.80E-1w
3.80E-18 2.80E-18 1.80E-18 1.40E-18 1.00E-18 7.20E-19 4.60E-19 2.60E-1'
27 15.0 01 3DRYD
1.50E+01 1.55E+01 1.60E+01 1.70E+01 1.80E+01 2.00E+01 2.50E+01 3.00E+01
4.0E+01 5.00E+01 7.00E+01 1.00E+02 1.50E+02 2.00E+02 3.00E+02 5.00E+02
7.50E+02 1.00+E03 1.50E+03 2.00E+03 3.00E+03 5.00E+03 7.50E+03 1.00E+04
1.50E+04 2.50E+04 5.00E04
1.00E-20 6.00E-20 1.50E-19 4.50E-19 1.00E-18 2.30E--18 6.40E-18 1.00E-17
1.50E-17 1.70E-17 1.80E-17 1.75E-17 1.50E-17 1.30E-17 1.03E-17 7.40E-is
5.60E-18 4.50E-18 3.50E-18 2.80E-18 2.10E-18 1.50E-18 1.13E-18 9.00E-I
6.60E-14 4.60E-19 2.85E-19
21 14.5 01 IDRYD
1.45E+01 1.50E+01 1.60E+01 1.70E+01 1.80E+01 1.90E+01 2.00E+01 2.20E+01
2.50E+01 3.00E+01 3.50E+01 4.00E+01 5.00E+01 7.OOE+01 1.00E+02 1.50E+02
2.00E+02 3.00E+02 5.00E+02 7.50E+02 1.00E+03
1.00E-18 7.00E-18 1.70E-17 2.10E-17 2.60E-17 2.80E-17 3.00E-17 3.10E-1
2.90E-17 2,60E-17 2.20E-17 i.80E-17 1.30E-17 7.00E-18 4.00E-18 1.SOE-18
1.00E-18 '.80E-19 1.80E-19 7.50E-20 4.30E-20

12 00.0 OII 4P
2.54E+01 2.85E+01 3,19E+01 3.58E+01 4.51E+01 5.68E+01 7.15E+01 9.OOE+01
1.13E+02 1.43E+02 1.80E+02 2.84E+02

1.15E-19 4.54E-18 7.98E-18 1.16E-17 1.89E-17 2.5eE-17 3.15E-17 3.45E-17
3.58E-17 3.49E-17 3.29E-17 2.66E-17
11 00.0 OII 2P
3.70E+01 4.00E+01 4.48E+01 5.03E+01 6.33E+01 t.97E01 I.00E+02 1.26E+02

1.59E+02 2.00+E02 2.52E+02
1.02E-19 3.38E-19 7.77E-19 1.32E-18 2.61E-18 4.02E-18 5.21E-18 5.85E-1
6.05E-18 5.99E-18 5.58E-18
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I,

Table A5 (Cont'd) - Cross sections

N
05
28 10.9 N 1134
1.13E+01 1.20E+01 1.30E+0 1 .40E+01 1.SOE+1I l.70E+01 2.00E+01 2. ^E+>:
2.20E+01 2.50E+01 3.OOE+01 4.C0E+01 5.00E+01 6.0OE+01 7.00E+l T
9.OOE+01 I.OOE+02 1.20E+02 1.40E+02 1. 60E+02 1,9SE+02 2.OE+02 2.20E+C:
2.40E+02 2.60E+02 2.SOE+02 3.OOE+02
1. 20E-17 1. 30E-16 1.60E-16 1 .70E-16 I .76E- 16 1.84E-16 I.92E-I 16 1 -!
I .90E-16 1.92E-16 1.68E-16 1.37E-16 1 .1 4E-1 6 1 OOE-16 8.80E-17 -18. -OE--t?

7.20E-17 6.80E-17 6.OOE-17 5.40E-17 4.04E-17 4.54E-17 4.20E-17 7.QOE-1I

3.64E-17 3.40E-17 3.20E-17 3.OOE-17
26 10.3 N 1200
1.13E+01 1.20E+01 1.30E+01 1.40E+01 1.50E+01 1.7OE+01 2.CCE+Ci 2.50E+1.
3.OOE+01 4.OOE+01 5.Q0E+01 6.00E+01 7.OOE+01 8.OOE+01 9.O0E+01 i..E+Q'
1.20E+02 1.40E+02 1.60E+02 1.8OE+02 2.OOE+02 2-20E+02 2.40E+.'2 .60E+C

2.80E+02 3.OOE+02
1.125E-17 7.50E-17 1.15E-16 1.38E-16 1.55E-16 1.88E-16 2-15E-16 2.5{,E-Io
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2.50E+01 3.OOE+01 4.OOE+01 .0E+ 6.00E+¢'.OOE+01 8.00E 0! " 0-)E+C'.

1.OOE+02

5.50E-19 2.48E-18 4.57E-18 5.'TE-l8 5.39E-18 5.E,-E-1 5.5CE-18 5.34E-1'
4.13E-18 3.58E-18 -1.07O E-18 2.69E-16 Z.42E-18 2. 27E-19 2.0, E-10 .= I.}?E

1.76E-18
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2.00E+01 2.50E+01 3.OCE+01 4.00E+01 5.00E+ . 01 1.OE+01 S.'rOE101
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1.09E-18 4.35E-18 1,16E-17 2.2qE-17 3.46E-17 3.63E-1-7 3.63E-17 3,175E-17

3. 15E-17 -2. 18E-17 1.85E-17 1.40E-17 1 .27E-17 1. 18E-17 i .IIE-17 ., 5E I

1.01E-17 9.60E-18
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9.OOE+01 1.OOE+02
3.90E-19 1.56E-18 4.16E-18 8.19E-18 1.24E-17 1.30E-1, 1,30E-17 1.20E-17
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